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INTRODUCTION 
Silage is used extensively for cattle feed in Massachu¬ 
setts. According to the United States census of Agriculture 
for I960, 2,450 farmers in Massachusetts reported 32,814 
acres of crops for silage purposes. Of this.acreage, corn 
comprised 23,787 acres and grass 9,027 acres. 
The extensive use of corn for silage purposes in Massa¬ 
chusetts is understandable for several reasons: (1) It is 
an economical crop for silage; with proper management and 
approved cultural methods it is possible to produce corn silage 
at very low cost per ton; (2) it usually exceeds other silage 
crops in the average yield of dry matter per acre; (3) it makes 
high quality silage without the use of conditioners and pre¬ 
servatives; (4) it is a succulent feed for cattle, hi$nly 
nutritive and palatable; (5) it is also a very useful tillage 
crop in Massachusetts for conditioning and fitting land, 
especially old sod land, for seeding grass mixtures. 
To make a highly nutritive and palatable silage, corn 
must be grown under favorable conditions, matured to a proper 
stage, and harvested and ensiled well. Although corn silage 
has been used for many years in Massachusetts, It is question¬ 
able whether farmers are doing all they could to reduce the 
cost of production and at the same time to improve the feed¬ 
ing value of the silage. 
It was with the idea of clarifying these questions that 
this Investigational work was undertaken. Endeavor has been 
2 
made to determine the comparative productiveness of oorn 
hybrids of different maturity groups grown under similar 
cultural conditions In order to learn more about the import¬ 
ance of carefully selecting varieties of corn best suited 
for growing in particular localities. Endeavor has been made 
also to determine how two rates of planting corn and top- 
dressing at two levels of nitrogenous fertilizer affeot the 
comparative productiveness and the feeding value of the silage 
made from the corn. The principal criteria for Judgment in 
these matters have been comparative determination of the 
silage produced per acre at uniform dry matter content, and 
also the comparative protein content of the crops harvested 
at different dates. 
3 
LITERATURE REVIEW 
A considerable amount of research has been done with 
corn on such subjects as composition of corn plant, varietal 
differences, and effects on yields of different rates of 
planting and different fertiliser treatments of soil. Little 
has been done on such subjects as seasonal development, rate 
of growth, and comparative productiveness of corn hybrids of 
different maturity groups. 
Jones and Huston (1914) studied the composition of corn 
at various stages of maturity, starting with the plant at 
about four feet high and carrying It through until complete 
maturity in the field. They found that every Ingredient con¬ 
tinued to Increase uniformly In total quantity until maturity. 
The increase of some ingredients was mainly in the ears 
while In the oase of others the Increase was In the vegeta¬ 
tive parts of the plant. They stated that when oorn was cut 
at the stage: "Kernels hardening ready for silo,* the last 
twenty days of growth before storing in the silo increased 
the dry matter In the oorn plant 46 per cent and the nitrogen 
free extract 56 per cent. 
Hopper (1925) made extensive studies of the composition 
of corn at different stages of maturity. He reported that no 
extreme differences occurred in the average composition of 
the dry matter of early, medium and late varieties. For North 
Dakota conditions, he recommended that oorn should not be 
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ensiled much before it has reached the glazed stage, although 
the addition of water may be necessary when cut at this time. 
At the glazed stage the plant has reached maturity and has 
attained its maximum feeding value as measured in terras of 
net energy. Ensiling should not be delayed after the glazed 
stage as the fodder dries out rapidly and there is a I03S of 
dry matter according to his findings. 
Wiggans (1937) reported that dry matter production of 
corn varieties varying widely in maturity dates, although 
showing differences, was not as widely separated in produc¬ 
tion of feeding units as is ordinarily considered by silage 
producers. He stated that extremely late varieties of corn 
for any given region are unsuited for silage purposes. 
Similarly, varieties which show material slowing down on the 
production of dry matter before the middle or end of the 
silage harvest due to advanced maturity are too early to give 
the beet results in silage production. 
S:>lth (1902) urged against the selection of excessively 
late varieties of corn for silage purposes. 
White, et al (1924) stated that on land where early 
maturing vet leties will yield 69 per cent and medium varie¬ 
ties will yield 85.6 per cent, as much silage as late varie¬ 
ties, early and late varieties are equal in terms of produc¬ 
tion value. 
Smith (1898) determined the distribution of dry matter 
in leaves, stems, and ears of the corn plant at different 
stages of maturity. At the roasting ear stage the leaves 
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represented 33,6 per cent, the stalks 25.5 per cent and the 
ears 40.9 per cent of the total dry matter of the whole 
plant (above ground), while at the glazed stage, the leaves 
were 30.0 per cent, stalks 25.5 per cent and the ears 44.5 
per cent of the total dry matter. There was a gain of dry 
matter In the ears and a corresponding loss in the leaves 
and Ftalks as the corn approached maturity. He also found 
that about one-half of the total protein content of the 
plant was In the ears. 
Sax and Burgess (1926) stated that the best early varie¬ 
ties yield approximately 70 per cent as much silage as the 
best late varieties in Maine. The late varieties are only 
two-thirds as valuable ton for ton as varieties which are 
nearly mature at harvest time, thus making very little differ¬ 
ence between the best early and the best late varieties, as 
far as productive value per acre is concerned. 
Wright and Shaw (1926) stated that a satisfactory basis 
for selecting the stage of growth at which to cut a crop 
for ensiling must be made with reference to total yield, 
dry matter content, succulence, and percentage of feed 
nutrients. They recommended that for best results corn 
should be cut when 80 per cent of the kernels are in the 
dough stage and 20 per cent in the milk stage. 
Archibald (1952) recommended that under Massachusetts 
conditions corn should be harvested before the first killing 
frost (September 18-21) at the early dent stage when the 
crop contains about 72 per cent water. 
6 
Sayre (1948) studied the accumulation of certain chemi¬ 
cal elements in corn. His conclusion was that the nitrogen 
accumulation in the corn plant reached a maximum at silking 
time and ceased about four weeks later. Nitrogen continued 
to move into the grain from other tissues until maturity. 
The phosphorus accumulation did not cease until about the 
time of maturity; this element also moved into the grain from 
other plant tissues. Potassium accumulation reached a maxi¬ 
mum about three weeks after silking. No marked accumulation 
of potassium occurred in the grain. The Increase in dry 
matter as the corn approaches maturity is very great and 
continues until the corn is fully ripe. 
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PLAN OP EXPERIMENT 
Five adapted hybrids: Maine B, Mass. 63, Ohio M 15, 
Ohio K 24, and U.S. 13 were chosen as representative of 
very early, early, medium early, medium late, and late 
varietal groups respectively. 
Reasonably uniform and productive land was used for 
growing the corn. The field was a three year old alfalfa sod. 
It had been limed and top-dressed annually at the rate of 
sixteen tons of manure and 600 pounds of 0-16-16 per acre 
during the three year period prior to the oorn crop. The 
field was prepared for planting by early spring plowing 
followed by disking. Ten days prior to planting, a complete 
commercial fertiliser (5-10-10) was broadcast at the rate of 
1,200 pounds per acre and worked into the soil by disking. 
No additional fertiliser was applied at planting time (May 22, 
1952). Nitrogen treatments,as described later In this paper, 
were made later to certain portions of the field. 
Two planting rates were used: the seed was planted by 
hand In 38-Inch rows and spaced In the row at 12 Inches and 
8 Inches to give about 13,756 plants and 20,635 plants per 
acre respectively; two kernels were planted to a hill and 
later thinned to one plant per hill. 
A modified split plot design was used to facilitate the 
field operation. The field was divided into five sections 
to include five harvesting dates. Each section was then 
divided into four blocks 96 feet long to include four replica- 
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tions. The varieties were randomized within each unit in 
each of the blocks. Each block was subdivided into two 
strips across to include two rates of side-dressing of nitro¬ 
genous fertilizer# The nitrogen treatments were; (1) one 
application of ammonium nitrate at the rate of 70 pounds of 
nitrogen per acre broadcast on June 19, and (2) two applica¬ 
tions of ammonium nitrate at the rate of 70 pounds of nitro¬ 
gen per acre per application broadcast on June 19 and July 18, 
1952. The two subunits in each block were further divided 
into strips of two sub-sub-units to include the two planting 
rates# The two levels of top-dress'ng were randomized within 
each subunit in each block and the two planting rates were 
randomized within each sub-sub-unit. Each sub-sub-unit plot 
consisted of two rows 38 inches apart and 24 feet long. 
The crop was harvested on five different dates; 
August 25, September 4, September 15, September 26 and 
October 10. These harvest dates were arrived at by field 
examination of the varieties. They correspond to the hard 
dough stage of the five hybrids, beginning with the Maine B, 
which was considered ready for silage on August 25. 
Representative field samples consisting of four plants 
to a plot were taken at each harvest date. Samples were 
taken from two replicates only. They were kept separate, 
weighed in the field, and brought In and dried at a tempera¬ 
ture of 90° C. The percentage of dry matter in the samples 
at harvest was used to calculate the acre yield of silage at 
28 per cent dry matter. The samples later were ground and 
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analyzed for protein. The percentage of protein In the dry 
samples was used to oaloulate the total protein production 
per aore. 
The weather conditions throughout the growing season 
were favorable for producing good yields. The rainfall was 
ample for the season although there were two weeks in July 
and two weeks In August with no precipitation. The crop, 
however, did not show any visible evidence of serious drought 
injury. The first killing frost was unusually late 
(October 11). 
The data were statistically analyzed by the method 
known as Manalysis of variance.” The least significant dif¬ 
ferences at 5 per cent and 1 per cent levels are given In 
the respective tables. 
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RESULTS OF EXPERIMENT 
Oreen Fodder Production 
The average green fodder yield expressed as tons per 
acre at different harvest period® la given in Table 1, 
There is a distinct difference between varieties at any given 
date of harvest, U,s. 13, the late maturing type, produced 
the greatest amount of green fodder, while Maine B, the 
earliest maturing type, produced the least amount of green 
fodder. To the casual observer the outward appearance of 
the plant, particularly the size of the plant, Is the princi¬ 
pal measure of production. The large, ltte-maturing corn 
varieties are oapable of producing high yields of green 
weight as the data in Table 1 show and may explain the reason 
for the oommon misconception in favoring the late, tall- 
growing com over the early maturing type. 
The data in Table 1 indicate also that the earlier 
maturing hybrids had reached their maximum green matter pro¬ 
duction on August 25, about ten days sooner than the two 
later hybrids, and as the season advanced all the hybrids 
gradually began to lose green weight. 
11 
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Relative Production of Silage 
at 28 per oent Dry Matter Content 
In order to evaluate properly the productive capacity 
of varying maturity hybrids, the acre yield of green matter 
is converted into tons of silage at uniform dry matter con- 
tent. The pereent&ge of dry matter determined in the samples 
taken at the time of harvest is used as the basis for the 
conversion. 
The average production of silage at 28 per cent dry 
matter expressed In tons per acre for the five hybrids is 
given in Table 2. The data indicate that except for the 
September 15th harvest, there is a significant difference 
and in many cases a highly significant difference between 
certain hybrids harvested at each harvest date. Ohio M 15, 
medium early maturity type, is the best silage type, while 
Maine Bf the very early maturity type, is obviously undesir- 
able as a type for silage under the conditions of the ex¬ 
periment in the vicinity of Amherst, Massachusetts. 
Ohio M 15 signifloantly outyielded both Ohio K 24 and 
U.S. 13 on August 25, but the difference in yield between 
Ohio M 15 and Mass. 63 is not significant. Mass. 63, on the 
other hand, outyielded Ohio K 24 and U.S. 13; however, the 
difference in yield is not significant. 
Ohio M 15 again outyielded Ohio K 24, U.S. 13 and also 
Mass. 63 on the September 4 harvest, the date when most 
farmers in this area begin to harvest their silage com. 
13 
The yield differences between Ohio M 15 and Mass. 63 or 
U.S. 13 in this instance are highly significant, whereas 
the yield difference between Ohio M.15 and Ohio K 24 is. 
significant at the 5 per cent level. At this date Mass. 63, 
an early maturing hybrid, was in prime condition for silage. 
Although producing less, as compared with Ohio K 24 or 
U.3. 13, the difference in yield is not significant, indicat¬ 
ing early maturity types do produce as much silage as the 
late maturity types at normal harvest date. 
From the standpoint of silage production per acre, the 
hybrids Ohio M 15, Ohio K 24 and U.S. 13 yielded equally 
well when harvested on September 15. But only Ohio M 15 was 
in hard dough stage in the September 15 harvest. On the 
basis of proper stage of maturity and from the standpoint of 
safe harvest and savings in harvesting and storage cost per 
unit of dry matter, Ohio M 15 excelled both Ohio K 24 and 
U.S. 13 at this harvest date. 
U.S. 13 significantly outyielded Ohio K 24 on the 
September 26 harvest, and outyielded all the others on the 
October 10 harvest, Just one day before the killing frost. 
But from the standpoint of safe harvest and feeding quality, 
the two last harvest dates are too late to harvest silage 
corn in this section. The length of favorable growing season 
seems to be the principal limiting factor in utilizing the 
potentially higher yielding ability of late hybrids compared 
to early hybrids. 
14 
Yield of 28 per cent silage per acre produced by each 
hybrid Increased as the growing season advanced. The maximum 
amount of silage was produced by the end of the growing 
season, whereas the maximum green weight was produced by the 
end of August. The Increase In yield of silage Is due to 
the Increase in the percentage of dry matter in plants as 
they reach maturity. 
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Top-dressing with Nitrogenous Fertilizer 
One application of 70 pounds of nitrogen per acre on 
June 19th produced as much silage as two applications of 
70 pounds of nitrogen per acre on June 19th, and July 18th 
under the conditions of this experiment. The statistical 
analysis of the yield data for each harvest date showed no 
significant difference between the two levels of nitrogenous 
fertilization and no significance for the interaction of 
varieties with the two levels of nitrogen top-dressing. 
This does not Indicate that two nitrogen top-dressings are 
not essential for maximum production. Rather It indicates 
that there was in this case an adequate nitrogen fertility 
level to produce the maximum yield with only one nitrogen 
top-dressing. 
Rate of Planting 
The yield data for each variety at two rates of plant¬ 
ing for each harvest date are shown in Table 3. The 80,635 
plants-per-acre rate produced more silage at both levels of 
nitrogen as compared with the 13,756 plants-per-acre. The 
difference between the two rates of planting at each harvest 
date is highly significant. 
There is a wide difference between the hybrids and also 
within the hybrids in their response to thick stand at dif¬ 
ferent harvest dates. U.S. 13 gave the highest per cent in¬ 
crease on August 25 compared with the other hybrids harvested 
1? 
on this date. Ohio M 15 on September 4, Ohio K 24 on 
September 15 and 26 and Mass. 63 on October 10 had the 
highest per cent Increase In yield of silage with thick 
stand. The decrease In yield with Maine B on October 10 
is partly due to stalk rot and also to rodent damage. 
The variation In percentage Increase In yield with 
thicker stand with each hybrid at different harvest dates 
is perhaps partly due to the location of the plots, and the 
climatic conditions. The medium early, medium late, as well 
as the late hybrids responded equally well to thicker stands 
as Indicated in Table 4. 
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Dry Matter Content of Samples 
The data In Table 5 show a continuous increase in 
percentage of dry matter in the sample plants at successive 
harvest dates. The dry matter content of each hybrid in¬ 
creased as the season advanced. There is also a significant 
difference between the hybrids with respect to per cent dry 
matter content on four harvest dates, which Is a good indica¬ 
tion that the varieties selected were typical representatives 
of the five maturity groups tested. 
It is of interest to note that the percentage increase 
in dry matter between August 25 and September 4 cuttings 
and September 4 and September 15 outtinga is not of the same 
magnitude for each hybrid (Table 6). The percentage inorease 
in dry matter varies also for each hybrid between different 
cuttings. Apparently the location of the plote and the 
climatic conditions, as well as the varietal differences, 
have marked effect on the rate of maturity of the hybrids. 
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Thera was no significant difference between the two .. 
levels of nitrogen top-dressing with respect to per cent dry 
matter content in the sample plants. One side-dressing with 
nitrogen was as good as two side-dressings at each scheduled 
harvest date. 
With the exception of the August 25th cuttings, the 
per cent dry matter in the samples was about the same for 
two rates of planting (Table 7). The difference in per cent 
dry matter between two rates pf planting for August 25th 
harvest is highly significant. 
Maine B and Mass. 63, very early and early hybrids 
respectively, on August 25th had greater per cent dry matter 
with 12-inch spacing between the plants as compared with 
8-lnoh spacing. The difference between the two rates is 
highly significant for these two hybrids, while the differ¬ 
ence between the two rates for Ohio M 15, Ohio K 24 and 
U.S. 13 was not signiflo&nt. Apparently thinner stand hastens 
maturity of early varieties while the late maturing varieties 
are not affected to the same extent. 
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Protein Content of 3ample 3 
The stage of maturity of the hybrids at the time of 
harvest has a direct effect on the protein content of the 
plants. Examination of the data In Table 8 shows that there 
are significant differences between varieties with respect 
to protein content, but these differences, exoept for 
Maine B, are due mainly to the stage of maturity of the 
hybrids at the time of harvest. For example, U.3. 13 with 
the highest percentage of protein on August 25th was also 
the least mature of the hybrids (Just past silking 3tage) 
when compared with the other hybrids. As U.S. 13 advanced 
in maturity the percentage of protein dropped gradually and 
was about the same as the Ohio II 15 and Ohio X 24 on the 
last harvest date. 
Maine B is high in protein content primarily because 
It Is a flint-dent double-cross. A relatively high percent¬ 
age of protein is an inherent characteristic of most flint 
varieties. 
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The effect of two side-dressings with nitrogenous ~ 
fertilizer on the protein content of the samples was not 
.. *, y ' , • ! . " ■ • S t * ” - • \ ’ * * */ •. . ? 
conspicuous. In only one case (August 25th harvest) two 
top-dressings did increase the percentage of protein in the 
samples. This increase was highly significant as indicated 
. . « * * 4 i ° ? > ' 
in Table 9. 
» • i • ‘ . *. . i < » 1 
The data in Table 9 also indicate that the protein con- 
"• ( ; ? i ' * • J ‘ ’ - , • 
tent of the corn plant at its early stages of maturity is 
* . t * j • • • ^ ; * ’ * 
greatly influenced by the amount of available nitrogen in 
the soil. Two top-dreesings of nitrogenous fertilizer com¬ 
pared with one top-dreseing increased the protein content 
of Ohio K 24 and U.S. 13 on August 25th. The difference 
between $he two levels of nitrogen is highly significant 
with U.S. 13, the least mature hybrid. 
In general, the rate of planting did not influence the 
protein content of the corn plants under the conditions of 
the experiment. 
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Relative Production of Protein per Acre 
Pounds of protein produced per acre by each variety on 
different harvest dates and at two rates of planting are 
given in Table 10. In general, Ohio M 15 produced more pro¬ 
tein per acre on August 25 and September 4 and about as much 
on September 15 as the other hybrids. It again emphasizes 
the important fact that well adapted medium early hybrids 
are superior to late maturing hybrids for silage purpose 
from the standpoint of both silage and protein production 
per acre. 
Thicker stand in every instance produced the greatest 
amount of protein per acre. The difference between two 
spacing rates of the same variety were highly significant 
in all cases except with Maine B on October 10th. 
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DISCUSSION 
It would seem from a study of Tables 1 and 2 that the- 
green weight of corn for silage is not a suitable criterion 
to evaluate the relative productivity of hybrids represent¬ 
ing different maturity groupe. The data supports the find¬ 
ing of Wiggans (193?) who stated that the relative merit of 
different maturities in corn for silage must be Judged in 
terms of acre yield of dry weight and nutrients per unit of 
silage. 
In these experiments, late maturing hybrids out- 
yielded early maturing hybrids in green weight, but in total 
production of silage at 28 per cent dry matter and also in 
total production of protein per acre the medium early hybrid 
exceeded the late hybrid at normal harvest date. The dif¬ 
ference In green weight between the late hybrid and early, 
hybrid is due to high moisture content of the late hybrid. 
Therefore, from the standpoint of most efficient corn silage 
production and feeding value and the quality of the silage 
as well, medium early hybrids would be superior to late 
hybrids. 
It has been established by numerous investigators that 
the yields of corn can be considerably increased by the use 
of a sound rotation, heavy application of fertilizer and 
proper spaeings. Yields of twenty to twenty-five tons of 
28 per oent silage per acre were obtained under the condi¬ 
tions of this experiment. It is recognised that the distrlbu- 
tion of rainfall during the growing season is another 
important factor for maximum yield. Moisture conditions dur¬ 
ing the period of this teat were very favorable for good 
yields. 
Nitrogen content of the corn plant at different stages 
of growth varied more than it did with two levels of nitrogen 
top^dressings or two rates of planting. According to Sayre 
(1948), the nitrogen accumulation in the com plant reached 
a maximum at silking time and ceased about four weeks later. 
Likewise, our data indicate that the least mature plants had 
higher per cent nitrogen as compared with plants advanced in 
maturity. The greatest amount of protein per acre was also 
produced by hybrids producing the greatest amount of silage. 
Medium early hybrids which produced as much silage and 
protein per acre as the late maturing hybrids, had reached 
the soft dough to hard dough stage of ear development by 
normal harvest tine, while the late hybrid was only in the 
milk stage of ear development at that time. The moisture 
oontent of the late hybrid would have been too high to make 
satisfactory silage. The silage made from It would be water¬ 
logged and valuable feed materials would be lost by drainage 
according to the findings of Wright and Shaw (19£6). 
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SUMMARY 
Yield data are given for five corn hybrids representing 
five maturity groups, planted at two spaclnge in 38-inch 
rows end side-dressed at two levels of nitrogen. Among the 
significant conclusione to be drawn from the test on the use 
of various hybrids for silage are; 
1« The total yield of silage and also of protein per 
acre increased with the use of an adequate amount of ferti¬ 
liser in conjunction with thick stand. 
2. The percentage of dry matter in the fodder increased 
with the advance In the stage of maturity of the plant. 
3. L&te-maturing hybrids will outyield earlier-maturing 
hybrids In green fodder. 
4. Early and medium-early hybrids, however, will pro¬ 
duce as much and very often more silage at 28 per cent dry 
matter than the late hybrids allowed to grow until Just 
before the first killing frost. 
5. The protein content of dry matter from hybrids of 
different maturity groups harvested at the same time or from 
successive harvests of the same hybrid are not the same for 
the five harvest dates* 
6. Very high level of nitrogen in the soil or thicker 
stand did not Influence the per oent of dry matter or the 
per oent of protein content of the fodder in this experiment. 
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